CP 960 Research Methods II		Fall 2009
CP 960:  Research Methods II
Multiple Regression and Correlation 

William T. Hoyt, 307 Education	Phone:  262-0462
Office hours:  W 2:00-3:00, Th 2:00-3:00, and by appt.	Email: wthoyt@education.wisc.edu
Class meets M 7:45-10:45 in 1053 Ed Sciences

Course Objectives.  Our goal in this course is to train you in the application of statistical methods (particularly multiple regression models, with a brief introduction to multivariate methods) to research problems in counseling psychology and related fields.  Upon completion of this course, you should be able to:  (a) select the most appropriate statistical method for a particular research problem; (b) conduct the analysis using SPSS (and perform any necessary hand calculations) or R; (c) interpret the output from the analysis and draw appropriate conclusions; and (d) write up the findings in a form suitable for publication.

Prerequisites.  CP 950 or equivalent; EdPsy 761 or equivalent.

Readings:

1.  Cohen, J., Cohen, P., West, S., & Aiken, L.  (2003).  Applied multiple regression/correlation analysis for the behavioral sciences. (3rd ed.).  Hillsdale, NJ: Lawrence Erlbaum.

2.  Dalgaard, P.  (2008).  Introductory statistics with R (2nd ed.).  New York: Springer.  (recommended)

3.  Occasional supplementary readings will be available electronically via LearnUW.

Reading Assignments.  Reading assignments and instructional objectives for each course unit are included in this syllabus.  You will need to complete reading assignments before the corresponding lecture.  Please come to class prepared to ask questions and discuss what you have read.

Evaluation.  There will be two take-home problem sets (a third problem set is optional/extra credit) to assess mastery of the course objectives.  Research group grades will be based on group presentation and written report; group members receive the same grade for each of these two components (equal contributions assumed).

	Problem Set 1					100 points
	Problem Set 2					100 points
	Out-of-class assignments (2)			  50 points
	Research Group Presentation			100 points
	Research Group Written Report 		150 points
	Problem Set 3	(optional)			(extra credit)

Note.  I will make every effort to accommodate students with disabilities in this class.  If you have need of some accommodation in class, in exams, or in assignments, please let me know as soon as possible.  To the extent possible, I will keep our communications confidential.

Course Outline for CP 960

	UNIT

	TOPIC
	DATE

	1
	Introduction and review
	9-14

	2
	Correlation 
	9-21

	3
	Bivariate regression
	9-28

	
	
	

	***  Problem Set 1 (take-home; covers units 1-3)—due 10-5  ***
	9-28

	
	
	

	4
	Applications:  Sampling error and confidence intervals
	10-5

	5
	Applications:  Measurement error and attenuation
	10-12

	
	
	

	6
	Multiple regression (MRC)—two predictors
	10-19

	7
	MRC—more than two predictors
	10-26

	8
	Multiple regression models
	11-2

	
	
	

	***  Problem Set 2 (take-home; covers units 4-8)—due 11-9  ***
	11-2

	
	
	

	9
	MRC with categorical predictor variables
	11-9

	10
	Moderator hypotheses (Interactions in MRC)
	11-16

	11
	Mediator hypotheses and other “third variable” models
	11-23

	
	

	***  Problem Set 3 (optional; covers units 9-11) –due 12-14 ***
	11-23

	
	
	

	12
	Introduction to multilevel modeling
	11-30

	13
	Introduction to structural equation modeling
	12-7

	14
	Research presentations
	12-14

	
	
	

	***  Group Written Report due 12-14 by 5:00 pm  ***
	




Description of Assignments

Readings.  Have the assignment read before the class meets.  Talk about it with your classmates.  Come prepared with questions.  This type of material cannot be learned from the lecture alone, and we want to save at least half of our in-class time for hands-on activities.  The lab exercises and group work will be the most rewarding part of this course for you, and the success of these will depend on everyone doing some of the conceptual work for each unit in advance.

Problem Sets.  Points on the problem sets will be about equally divided between questions in short answer format, word problems, and interpretations of computer printouts (i.e., output from SPSS or R).  Problem sets will be open book and open notes, and will be taken home on Monday, due the next Monday.

Group projects.  Students will be assigned to research groups that will work together over the course of the semester.  These groups will work together during the “lab” portion of the class, and will also complete 2 short out-of-class assignments over the course of the semester.  These assignments will involve conducting analyses using SPSS or R, printing out relevant portions of your output and interpreting your findings in writing.

[bookmark: OLE_LINK2]Final project, option 1.  I will provide you with an SPSS system file and codebook for a subsample of the World Values Survey, a 60-nation study conducted by the International Consortium for Political and Social Research at the University of Michigan (http://www.worldvaluessurvey.org/ ).  Alternatively, you can use a different, publicly available data set of your choice.  (Examples include the General Social Survey, or data sets distributed with “packages” in R.)  With the other members of your research group, examine the variables and samples available, and formulate a research question to be addressed using a portion of the variables and participants in the data set.  You will determine the appropriate analysis to address this research question, create a reduced data set containing the relevant variables and cases, screen the data to see that they meet the assumptions of your analysis (transforming variables or possibly eliminating outlying cases as necessary), and conduct the analysis as planned.  

To write up this project, create a sketch of a literature review to justify your research question, and a sketch of a Method section (briefly summarizing sampling procedures and measures that produced your data set, and your analyses of those data).  Your Results section should be detailed, describing the results of your data screening (and any adjustments made to the raw data to render them more interpretable or more conformable to the assumptions of the analytic procedures) and the results of your substantive analyses.  Your Discussion should contain detailed interpretation of findings and their theoretical and practical significance, consideration of the strengths and limitations of the research design, and brief recommendations for future research in this area.

Each group will turn in a single 15-20 page Written Report of their results by the end of the last class day, and will also make a 20-minute Research Presentation of their findings during this class period.

Final project, option 2.  If one member of your group has collected data (or has access to data) that are relevant to research questions that can be addressed using MR/C analyses, your group may opt to use these data for the final project.  This can be a sensitive negotiation for the group, because some group members will undoubtedly be more interested/invested in the research question than others.  However, if the group can agree on such a project, this option presents a nice opportunity to educate one another about your own research interests, and to apply the course material to a research question of pragmatic value to at least one group member.

The final products for Option 2 will be similar to those for Option 1.  That is, the group should prepare a 20-minute Research Presentation to share findings with the class, and should turn in a 15-20 page Written Report of their results by the end of the final class day.



Note:  There will be time to work on final projects during the last few labs of the semester, but you will also need to plan on spending out-of-class time as needed to decide on data sets and research questions, conduct analyses, and prepare the research report and presentation.

Reading Assignments and Objectives

Unit 1:  Introduction and Review

Readings:

CCWA, Ch. 1
Wilkinson, L., & the Task Force on Statistical Inference (1999). Statistical methods in psychology journals: Guidelines and explanations.  American Psychologist, 54, 594-604.
[Recommended:  Dalgaard Section 1.1]

Objectives:

After this unit’s class discussion and readings you should be able to:

1. Explain why it is so important for you to take this course.

2. Apply the notation to be used in the lectures.

3. Discuss the difference between experimental and nonexperimental research, and how these research strategies differ in terms of inferring causation and appropriate statistical analysis.

4. Discuss the reasons multiple regression and multivariate approaches are well suited to research in the behavioral sciences in general, and in counseling psychology in particular.

5. Define the following terms:  

a. Continuous
b. Discrete
c. Dichotomous
d. Sample
e. Population
f. Descriptive statistics
g. Inferential statistics
h. Orthogonal

6. Discuss how the nature of your research hypothesis (and in particular the nature of the variables you will be working with) naturally dictates which analytic strategy to use.

7. Produce and interpret graphical displays for univariate data:

a. Stem-and-leaf plot
b. Histogram
c. Box plot
d. QQ-plot

Reading Assignments and Objectives

Unit 2:  Correlation 

Readings:

CCWA, Ch. 2
[Recommended:  Dalgaard Section 1.2]


Objectives:

After this unit’s class discussion and readings you should be able to:

1. Explain why scatterplots are useful and how to read them.

2. Define a z score and tell why these are useful in interpreting correlations.

3. Identify and perform calculations using various forms of the Pearson correlation formulas.

4. Describe what point biserial and phi coefficients are used for.

5. Conduct and interpret the following significance tests:
a. Significance of r
b. Comparison of r to a given hypothetical value
c. Difference between two independent rs
d. Difference between two dependent rs

6. Calculate confidence intervals for correlations.

7. Calculate average correlations using Fisher’s r to z’ transformation.  Know the difference between z’ and z score. 

8. Conduct a power analysis for testing the significance of r.

9. Describe the factors affecting the magnitude of a correlation coefficient.


Reading Assignments and Objectives

Unit 3:  Bivariate Regression 

Readings:

CCWA, Ch. 2, sections 2.4 – 2.9
[Recommended:  Dalgaard Sections 2.1 and 2.4, Ch. 6]


Objectives:

After this unit’s class discussion and readings you should be able to:

1. Identify the coefficients in the bivariate regression equation, and use the equation.
a. Graph the regression line on a coordinate plane.
b. Compute the predicted value of Y for a given value of X.
c. Compute the residual score for a case in the sample, given X and Y scores.
d. Interpret the unstandardized and standardized regression coefficients, in terms of the predicted change in Y for a given change in the value of X.
e. Know the meaning of the regression intercept (B0).

2. Partition the variance in Y into variance shared and not shared with X.

3. Explain the regression to the mean phenomenon.

4. Compute confidence intervals for BYX and YX.

5. Test whether BYX and YX are significantly different from zero.

6. Conduct a power analysis for a study using multiple regression to assess the relation between X and Y.
	



 
Reading Assignments and Objectives

Unit 4:  Applications:  Sampling error and CIs

Readings:

 CCWA, Ch. 2, sections 2.6 – 2.9 (review)
Schmidt (1992)
[Recommended:  Dalgaard Sections 2.2 and 2.3, 3.1 and 3.5]

Objectives:

After this unit’s class discussion and readings you should be able to:

1. Define sampling error and discuss why replications of a study are expected to yield somewhat different findings than the original study.

2. Simulate a random sample from a known population in R, and compare the sample parameter estimates (e.g., mean and variance) to the known parameter values in the population.

3. Describe the theoretical sampling distribution (i.e., expected mean and sd of the estimates, across a large number of samples) for a given parameter estimate.

4. Empirically simulate a large number of samples from a given population in R.  Graph the empirical sampling distribution for a given parameter estimate and compute its mean and sd.  Compare these to the theoretically expected mean and sd described in #3.

5. Explain how null hypothesis significance testing attempts to take variance attributable to sampling error into account in interpretations of research findings.  Tell why this can result in misleading interpretations.  What particular interpretational hazards apply when replicate studies have relatively small sample sizes?  When they have very large sample sizes?

6. Define the standard error (SE) for a sampling distribution.

7. Show how to use the estimated SE to compute confidence intervals (CIs) and discuss how these CIs are interpreted.  Know how to compute and interpret the theoretical 95% CI for the mean of a sample of scores.  

8. Empirically simulate a large number of samples from a given population in R.  Compute the empirical range spanned by the middle 95% of the scores (2.5% in each tail).  Compare this range to the theoretical 95% CI (bracketing the mean of the empirical sampling distribution) described in #7.


Reading Assignments and Objectives

Unit 5:  Applications:  Measurement error and attenuation

Readings:

CCWA Section 2.9
Hoyt, Warbasse, & Chu (2006, pp. 790-796)
Schmidt, Le, & Ilies (2003)
[Recommended:  Dalgaard Sections 4.2 and 5.1]


Objectives:

After this unit’s class discussion and readings you should be able to:

1. Define reliability of measurement and measurement error.  

2. Discuss three common forms of measurement error and the reliability coefficient that corresponds to each of these types.  

3. Understand the effects of measurement error on sample estimates of correlation and regression coefficients.  Define attenuation and know how to compute the expected attenuation of correlation and bivariate regression coefficients, given reliabilities for both variables.

4. Simulate a sample of scores in which two variables X and Y contain both true score variance (from a population where variables X and Y have a known correlation) and error variance (random error uncorrelated with true score variance).  Examine the correlation between the true score components (which differs from the population correlation because of sampling error) and that between the raw scores (which differs from the population correlation because of both sampling error and measurement error).  Compute the actual magnitude of attenuation in your sample, and compare this to the expected magnitude based on #3.

5. Define regression to the mean and discuss how this artifact of error of measurement may confound interpretation of findings in group comparison designs using non-random assignment.

6. Simulate a large-N repeated measures data set in which the same (error-laden) variable is measured at two time points.  Tabulate the mean score at Time 2 for groups of participants sharing a common Time 1 score.  Compare the empirical regression to the mean observed in these data to the expected regression based on #5.


Unit 6:  Multiple Regression—Basics

Readings:

CCWA, Ch. 3 (sections 3.1 to 3.5)
Hoyt, Leierer, & Millington (2006)
[Recommended:  Dalgaard, Ch. 11]


Objectives:

After this unit’s class discussion and readings you should be able to:

1. Describe the types of research questions MRC can address.

2. Describe the limitations of regression analysis.

3. Apply the unstandardized and standardized regression equations (e.g., be able to plug in values of the predictors to estimate scores on Y).

4. Explain the criteria used to calculate regression weights; discuss the difference between unstandardized and standardized regression weights—how they are interpreted and when each is used.

5. Interpret the unstandardized and standardized regression coefficients for Y on X1, controlling for X2 (i.e., BY1.2 and Y1.2).  Tell why these are different (usually) from the corresponding bivariate regression coefficients (i.e., BY1 and Y2, not controlling for X2).

6. Apply the notation, calculate, correctly interpret, and identify in a Venn diagram each of the following types of coefficients:
a. Partial correlations
b. Semipartial correlations
c. Multiple correlations


Reading Assignments and Objectives

Unit 7:  Statistical Significance and Statistical Power

Readings:

CCWA, Ch. 3 (all); Ch. 4 (skim)
Hoyt, Imel, & Chan (in press, pp. 334-336)
[Recommended:  Dalgaard, Sections 9.1 and 9.2]

Objectives:

After this unit’s class discussion and readings you should be able to:

1. Perform and interpret significance tests on the following coefficients:
a. [bookmark: OLE_LINK1]Multiple correlation
b. Regression weights
c. Semipartial correlations
d. Partial correlations

2. Be able to report and interpret any of the above coefficients as an effect size, bracketed by the appropriate confidence interval.

3. Conduct a power analysis for testing the significance of multiple correlations, semipartial correlations, and partial correlation coefficients.

4. Construct an ANOVA summary table from the results of a regression analysis (e.g., calculate the mean squares and F values.

5. Discuss and apply the different criteria for evaluating the importance of a predictor variable in a regression analysis.

6. Discuss the concept of “shrinkage” and use the formula.  Tell how the “shrunken” R2 differs from the “cross-validated” R2, and when each is important.

7. Define the following terms:  suppressor variable, multicollinearity, cross-validation, unit weights, tolerance.

8. Identify, label, and interpret each part of the standard output from the SPSS regression program.

9. Understand the statistical assumptions underlying least squares regression analysis, and the consequences of violating these assumptions.  Be able to use graphical methods to assess their viability in your sample.


Reading Assignments and Objectives

Unit 8:  Multiple Regression Models

Readings:

CCWA, Ch. 5
Hoyt, Imel, & Chan (in press, pp. 321-325)

Objectives:

After this unit’s class discussion and readings you should be able to:

1. Extend principles of MRC discussed in Ch. 2 and 3 to research problems representing the factors (IVs) of interest by sets of variables rather than individual measures.

2. State three structural reasons why sets of variables may be needed to represent an IV in a multiple regression framework.

3. Distinguish between simultaneous and hierarchical regression; discuss rationales for determining order of entry of predictor variables (or sets of variables) in hierarchical regression.  Discuss why “stepwise” approaches are rarely useful techniques for evaluating the relative importance of predictor variables.

4. Discuss verbally and diagrammatically (using Venn diagrams) the different approaches to estimating the proportion of variance in the DV accounted for by individual (and sets of) IVs.  

5. Partition the multiple correlation (R2) into a series of semipartial correlations for IVs or for sets of IVs.

6. Generate appropriate SPSS output to compute the squared multiple semipartial and partial correlations for an IV set.

7. Contrast Model I and Model II approaches for significance testing in hierarchical regression.

8. Conduct a power analysis for determining the significance of a set of IVs.


Reading Assignments and Objectives

Unit 9:  MRC with Categorical Predictor Variables

Readings:

CCWA, Ch. 8
[Recommended:  Dalgaard, Section 12.3]

Objectives:

After this unit’s class discussion and readings you should be able to:

1. Represent categorical (nominal) variables as sets of IVs for analysis via MRC.

2. State why only (g-1) new (dummy) variables are needed to represent a nominal variable with g levels (categories).

3. Make use of dummy, effects, or contrast coding to represent categorical variables.  State when each is appropriate.  

4. Compute a set of theoretically appropriate and statistically orthogonal contrast codes for a given categorical variable.

5. Regress a dependent variable onto an appropriate set of IVs representing a single qualitative variable.  Show how the regression output can be used to construct the corresponding ANOVA summary table (also part of the printout in most regression programs).  Discuss the meaning of the statistics (e.g., unstandardized regression weights) associated with each newly-created IV as these relate to contrasts among means (on the DV) of different groups (categories) in the original nominal variable.

6. Use MRC to examine mediator or moderator relations among either quantitative or qualitative IVs.


Reading Assignments and Objectives

Unit 10:  Moderator Analyses (Interactions in MRC)

Readings:

CCWA, Ch. 7
Baron, R. M., & Kenny, D. A. (1986).  The moderator-mediator variable distinction in social psychological research: Conceptual, strategic, and statistical considerations.  Journal of Personality and Social Psychology, 51, 1173-1182.
Frazier, P. A., Tix, A. P., & Barron, K. E. (2004).  Testing moderator and mediator effects in counseling psychology research.   Journal of Counseling Psychology, 51, 115-134.
Hoyt, Imel, & Chan (2008, pp. 329-333)
[Recommended:  Dalgaard, Section 12.5]

Objectives:

After this unit’s class discussion and readings you should be able to:

1. Define statistical interaction.  Give examples of interactions between pairs of IVs (a) both of which are categorical, (b) both of which are quantitative, and (c) one of which is categorical and the other quantitative.

2. Define mediator and moderator relations among variables.  Know which of these relations is tested by examining the significance of the statistical interaction between IVs.

3. Discuss the reasons not to examine interactions involving quantitative IVs by dichotomizing these IVs so that ANOVA can be used.

4. Center quantitative IVs prior to testing interaction effects.  Explain why this procedure is desirable.

5. Compute a product term (or set of terms, when one or both IVs are categorical) for testing the interaction between two IVs.

6. Explain why the significance of the product term is only meaningful as a test of the interaction when the variance in the DV associated with each of the two IVs (main effects) has been statistically controlled (i.e., partialed).

7. Graph a significant interaction, to illustrate the impact of the moderator variable on the relation between the primary IV and the DV.  Discuss the pros and cons of graphing cell means (for categorical IVs) as a representation of the nature of the interaction.

Reading Assignments and Objectives

Unit 11:  Analysis of Partial Variance: Mediation and Other Models for the Role of “Third Variables”

Readings:

CCWA, Ch. 5 (review)
Baron, R. M., & Kenny, D. A. (1986).  The moderator-mediator variable distinction in social psychological research: Conceptual, strategic, and statistical considerations.  Journal of Personality and Social Psychology, 51, 1173-1182.
Frazier, P. A., Tix, A. P., & Barron, K. E. (2004).  Testing moderator and mediator effects in counseling psychology research.   Journal of Counseling Psychology, 51, 115-134.
Hoyt, Imel, & Chan (2008, pp. 325-329)
[Recommended:  Dalgaard, Section 12.7]

Objectives:

After this unit’s class discussion and readings you should be able to:

1. Tell what “partialing” means in MRC, and discuss how to interpret a correlation between two variables X and Y from which a third variable W has been partialed.  Tell what effect sizes (proportion of variance estimates) are relevant to such an analysis, and how they are interpreted.

2. Conduct and interpret APV using third variables or sets of variables (“covariates”).

3. Explain what is meant by mediation.  Conduct a test for mediation of a primary (XY) relation by a third variable (W).  

4. Explain the difference between full and partial mediation.

5. Describe how to tell whether mediation is a plausible model when a third variable (W) significantly reduces the XY relation when W is included in the regression equation.  What other models for the relation between X, Y, and W should be considered?  
	

Reading Assignments and Objectives

Unit 12:  Introduction to Multilevel Modeling

Readings:

CCWA, Ch. 14

Objectives:

After this unit’s class discussion and readings you should be able to:

1. .




Reading Assignments and Objectives

Unit 13:  Introduction to Structural Equation Modeling

Readings:

CCWA, Ch. 12

Objectives:

After this unit’s class discussion and readings you should be able to:

1. Construct a path diagram, including measured variables and latent variables if appropriate, representing a relation between constructs that corresponds to your theory or research question.  Tell which variables in this diagram are the DVs (i.e., the exogenous variables).

2. Explain why the term “causal modeling” (referring to SEM) may be misleading.

3. Define (a) measured variable, (b) latent variable, (c) error, (d) disturbance, (e) model parameters, (f) path coefficients.

4. Think intelligently about method (error) variance and about how to select measured variables to adequately represent a latent construct that interests you.

5. Explain what a model is and what it means for a model to “fit” the data.  Interpret common fit indices.

6. Describe sound principles for model modification, when the fit of the initial model is less than adequate.

7. Discuss issues of sample size in SEM, especially in regards to (a) stability of parameter estimates and (b) interpretation of fit indices.

8. Compare pairs of nested models in SEM to determine whether one or more paths needs to be included in the model.

9. Discuss the problem of alternative models and what this means for interpreting SEM findings.  
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